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The 4 Laws of Ecology
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Law |: There Is
No Such

Thing As A Free
Lunch

Selection
Pressure
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Law |l: Nature
| Knows Best

& Constant
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Adaptation
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Law lll: Everything
|ls Connected To
Everything Else

Causal Complexity
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Law |V:
Everything Must
Go Somewhere

Inclusive System
Boundaries
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Biosphere Humans

Physical Environment Natural Environment Current Generation Future Generations

Business Enterprise Customer User Supply Chain

i ey | UG —— 4

. Raw material supplier Extraction Company
Product Development Team Regulatory Agency Component supplier
————————————————————————————— Waste Management Services
Local Regulators OSHA EPA Material Recovery Services Incinerator Landfill Services
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Copper Cycles in Medical Devices
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A Copper Usage - 1% Reuse Rate D Total Spend on Copper - 1% Reuse Rate
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Closing the Waste & Resource Loop
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|dentify environments as stakeholders in early stakeholder identification and
research.

Expand system scope and boundary analyses to ensure interfaces with sources
and sinks are considered.

Explicitly identify raw material suppliers and waste handlers as stakeholders.

Using the newly identified stakeholders listed above, ensure those stakeholders’
needs are correctly and adequately transformed into system requirements.

Include environmental considerations in material and production process selection
trade studies.
Include-sources.and-sinks as references in manufacturing models such that

interfaces can be.described.and the impacts of material selections and production
methods on environmental interfaces can be assessed.
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Causal complexity: The characterization of the impact
of interactions among and between systems and their
interfaces is a foundational concept in systems
engineering.

Adaptability: The resilience of engineered systems,
production mechanisms, supply chains to consider future
states and plan for the inclusion of circular design.

Inclusive system boundaries: Recognizing
environments and environmental factors as stakeholders
of our system, we expand our scope of practice to
ensure our design decisions properly capitalize on
opportunities to include elements of circularity.

Selection pressure: Actively considering environmental
factors, systems engineers can apply pressure to
vendors and suppliers to source materials and
components from increasingly circular sources. This
work begins with appropriately inclusive requirements.
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